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Summary: In evolutionary biology, one of the most enigmatic problems is that
parthenogenetic species are fairly rarer than sexual species in animal taxa, albeit
population growth rate of parthenogenetic species can be twice as higher than sexual
species which have to produce males as equal to females in reproductive investment,
compared to parthenogenesis that does not need males. Some biologists argued that
parthenogenesis should owe “the two-fold cost of sex”, which can cancel the benefit of
the double growth rate. However, the cost on parthenogenesis has not been fully
explained, althoug reduction of genetic variation and accumulation of deleterious genes
have been suggested as the cost. Reproductive interference is an interspecific sexual
interaction that adversely affects frtness of females through sexual indiscrimination
between conspecifics and heterospecifics on reproductive process. Some mathematical
studies predict that positive frequency dependence of reproductive interference is likely
to drive interspecific competition to species exclusion between closely related species,
while density dependence of resource competition is likely to bring coexistence. In the
competition between sexual and the related parthenogenetic species, reproductive
interference occurs in one-way from males of sexual species to females of
parthenogenetic species. Based on Lotka-Volterra competition model, we built a simple
mathematical competition model incorporating reproductive interference. To make the
mathematical model more namral, we also assumed environmental flucmation and Allee
effect, which reduces the population growth rate of sexual species with low density.
Intense reproductive interference drove the competition to sexual exclusion of
parthenogenetic species. However, even under intense reproductive interference, Allee
effect allowed parthenogenetic species to survive when the competition started with the
lower densities, contrast to the survival of sexual species when the competition started
with the higher densities. Then, when environmental fluctuation was enoug large to
cause extinctions of two species, parthenogenetic species repeatedly and dominantly
occurred. We suggest that parthenogenesis is in a dilemma. Too high growth rate is likely
to bring self-destruction together with environmental fluctuation, though too low growth
rate is likely to result in sexual exclusion in terms of reproductive interference.
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1 $N$ $b$ $d(b>d>0)$ $h$
$\frac{dN}{dt}=(b-d)N-hN^{2}$
1 2 1 2
1 2 $c_{21\text{ }}$ 2 1 $c_{12}$
$1$ 2 $N_{1\text{ }}$ N2
$\frac{dN_{1}}{dt}=(b_{1}-d_{1})N_{1}-h_{1}N_{1}(N_{1}+c_{12}N_{2})$
$\frac{dN_{2}}{dt}=(b_{2}-d_{2})N_{2}-h_{2}N_{2}(N_{2}+c_{21}N_{1})$












2. . $N$ $(a=1)$ .




$R$ $(0\leq R\leq 1)$ $d$
$\frac{dN_{1}}{dt}=(A(N_{1})b_{1}-d_{1}(2\beta+1-f))N_{1}-h_{1}N_{1}(N_{1}+c_{12}N_{2})$
$\frac{dN_{2}}{dt}=((\frac{N_{2}}{N_{2}+A(N_{1})i_{21}N_{1}})b_{2}-d_{2}(2\beta+1-f))N_{2}-h_{2}N_{2}(N_{2}+c_{21}N_{1})$
$f$ $(0\leq f\leq 1)$ $f=1$
$2R+1- f=2R$ $0\leq 2R\leq 2$
$N_{1,t+s}=N_{1,t}+s \frac{dN_{1,t}}{dt}$
$N_{2,t+s}=N_{2,t}+s \frac{dN_{2,t}}{dt}$
$s$ $t$ $(0\leq s\leq 1)$ $s=1$
$s=1$ $R$
1 2 $R$ $N_{1\text{ }}$ N2














$0$ 25 50 $0$ 25 50
$N$
$0$ 25 $50_{f}$ $0$ 25 50
$f$
3. 1( ) 2( ) .
2 $(i_{21}=0.1)$ 2
$(i_{21}=0.5)$ . 2 $(N_{1,0}=N_{2,0}=1)$ 2
$($ : $N_{1,0}=5$ , N2,0 $=$ 1 : $N_{1,0}=1,$ $N_{2,0}=5)$ . $(b_{1}=1.5,$ $b_{2}=$
$2,$ $d_{1}=d_{2}=1,$ $h_{1}=h_{2}=0.01)$
( 3) 2
2 1 ( 3 )
1 2 ( 3 )
1 2 1
2 ( 3 ) 2 1
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4. 1( ) 2( )
. $($ $a,$ $c,$ $e)$
$($ $b,$ $d,$ $f)$ . $(i_{21}=0.1;a, b)$
$(i_{21}=0.5;c, d)$
$(i_{21}=0.5, c’ =0.1;e, f)$ . $a,$ $b,$ $e,$ $f$ $N_{1,0}=N_{2,0}=5$ $c,$ $d$ $N_{1,0}=N_{2.0}=10$ .
$(b_{1}=1.5, b_{2}=2, d_{1}=d_{2}=1, h_{1}=h_{2}=0.01)$




$4a)$ 1 $($ $4b)$ 2
$($ $4c, d)$





5. 1( ) 2( ) .
$(c’=0.2, i_{21}=0.2)$ ( 5a)
$($ $5b)$ $($ $5c)$ .
$($ $5d)$ $($ $5e)$ 1 (
$5f)$ . $b_{1}=1.5,$ $b_{2}=2,$ $d_{1}=d_{2}=$




2 $($ $5b)$ 2
2 1 $($ $5c)$
2 1 (






$($ $6a, c, e)$ $($ $6b, df)$
(i21 $=$ 0.5) (
$6a,$ $b)$ $($ $6c, d)$
$($ $6e, f)$ $b_{1}=1.5,$ $b_{2}=2,$ $d_{1}=d_{2}=$








$($ $6a, e)$ 1
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$($ $6a)$ 2 $($ $6e)$
$($ $6e, f)$
2 ( 6e) 1 $($ $6f)$
( 2) ( 7)
7.
$0$ 100 200
7. 2 . 1
2 . (a) $(b)$
(c) .












8. 1( ) 2( )
. .
$dN_{1}/dt=0,$ $dN_{2}/dt=0$ 1 2 (Nl, N2)
. (a) $($a $=0$ $a=1)$ (b)
(c) $(i_{21}=0.5)$ (d) 2
$(b_{1}=2, b_{2}=3, i_{21}=0.5)$ .




1 2 $($ $8b)$
1 $($ $8c)$
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(Case et al. 1994)
Hfrenatus (Case et al. 1994)
$H$ garnotti $H$.
frenatus Hgarnotti (D\’{s}ame&Petren 2006)
Ramphotyphlops braminus Lepidodactylus
lugubris Hemiphyllodactylus typus typus
( 2000)
Cyprinidae Carassius




Lissorhoptms oryzophilus Oryza sativa
(Saito et al.2005) (Saito et al. 2005)
Aphidoidea Tetranichidae
(Simon et al. 2003)
(Hoffinann et al. 2008) Homo sapiens
Plasmodium 4 3 Pvivax $4$
Pmalariae Pfalcipamm Anqpheles
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(Paul et al. 2003)
rcacum albidum 3 (Morita et al. 1990)
T. q cinale (Collier and
Rogstad2004)
(Takakura et al. 2008) (2008) Tjaponicum
2
(Takakura et al.2008)
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